One of the methods of improving the nutritional profile of baked-goods is the incorporation of dietary fibre (DF) to the formulation. However, DF retains more water than wheat flour which, affects dough rheological properties and thus the final product quality. Flour is the main ingredient in biscuits and contributes to the baked texture and shape of biscuits. There are large differences in quality among the flours from wheat cultivars and among non-wheat flours used for biscuit production. In previous works, different dietary fibres were tested and inulin was found to have a positive quality effect on biscuits made from an all-purpose wheat flour without the need of introducing significant changes in dough properties. To know whether these results are extended to different types of flours that can be used for biscuit production, this paper aimed to analyse the effects of different levels of inulin incorporation on dough and biscuits quality made from three different wheat flours and one triticale flour. Chemical and physic-chemical characterization of the flour samples was performed and compared (moisture, ashes, gluten, solvent retention capacity (SRC) and protein content). Inulin was incorporated to biscuits formulation in two levels: 6 and 12% (wheat replacement). Dough and biscuits quality was measured by spread rate during baking and biscuit factor, texture and surface colour. Inulin incorporation increased dough spreading and biscuit factor and decreased biscuit hardness. The enhancing effect of inulin was observed in all flour. The results confirmed the effect of inulin on biscuits obtained with all flour assayed, despite the differences in flour quality that was tested.
Introduction
Biscuits, known as short dough, are one of the most popular and consumed product worldwide. Particularly, in the past 10 years, domestic consumption of biscuits and crackers in Argentina increased considerably, and reached a per capita consumption of approximately 13 kg per year, one of the highest consumption rates in the world (Samela, 2011) . Short-dough biscuits are usually made from wheat flour and a large amount of sugar and fat. These ingredients are responsible of the distinctive characteristics of this kind of product. Flour is the main ingredient in most biscuits, which mainly contributes to the texture and shape of biscuits. There are significant differences in quality among flours from wheat cultivars and among Copyright ©2017 ISEKI-Food Association (IFA) 10.7455/ijfs/6.1.2017.a2 non-wheat flours which can be used for biscuit production. 'Weaker' wheat flours are traditionally deemed most suitable for biscuit making. The main properties of wheat flours of interest to biscuit production are the quantity and quality of protein, the particle size distribution, the damaged starch content and their effect on the water absorption property. Soft wheat flours with low protein content and water absorption and small size produce good quality biscuits characterized by a good degree of expansion during baking and a large biscuit diameter, reduced thickness, and tender texture (Morris & Rose, 1996; Abboud, Rubenthaler, & Hoseney, 1985; Pareyt & Delcour, 2008) . Biscuits made from hard wheat flour present a controlled elastic spreading that results in a limited spread during baking until it reaches a maximum followed by a degree of shrinking (Slade & Levine, 1994) . However biscuits made from soft wheat flour spread to a maximum diameter and then collapse drastically, resulting in thin great quality products. Soft wheat crops in Argentina are not extensively developed, so the biscuit industry uses bread flours and specific additives to minimize the formation of gluten and water absorption during the manufacturing processes (Moiraghi, Ribotta, Aguirre, Pérez, & León, 2005) . Triticale (x Triticosecale Wittmack) is a hybrid resulting from the crosses between wheat (Triticum sp.) and rye (Secale sp.). This crop is considered an alternative for human consumption, as it is more resistant to adverse conditions than the wheat crop (Bushuk & Larter, 1980; CIMMYT, 1985; Varughese, 1991) . Previous studies had shown that Triticale flours with low amount of proteins and glutelins and large amount of prolamins are a good alternative for biscuit production (Leon, Rubiolo, & Anon, 1996; Aguirre et al., 2002; Rubiolo, Ferretti, Ribotta, Aguirre, & León, 1998; Tsen & Tsen, 1974) . One of the strategies used to improve the nutritional profile of these highly consumed worldwide products is the incorporation of dietary fibre (DF) to its formulation. DF is a vegetal portion that is not hydrolysed by digestive enzymes of human upper gastrointestinal tract and undergoes to partial or total fermentation by colon bacteria (Lunn & Buttriss, 2007) . These characteristics generate beneficial health effects such as risk reduction of cardiovascular disease, some cancers, diabetes, obesity and prevention of constipation (Charalampopoulos, Wang, Pandiella, & Webb, 2002; Topping, 2007) . Inulin is considered a DF, since only one enzyme, the inulinase is able to hydrolyse it. This enzyme is not present in the human gastrointestinal tract, and therefore inulin reaches the colon intact, where is fermented by anaerobic bacteria producing short chain fatty acids (Lunn & Buttriss, 2007) . Chemically it consist on linear D-fructose bonded by β-(1-2) linkages with or without an end glucose residue, with a degree of polymerization (DP) ranging between 10 and 25 (Meyer, Bayarri, Tarrega, & Costell, 2011) . Inulin in solution tends to form aggregates where water is enclosed and this aggregation is strongly influenced by the DP. Suspensions of high-performance (HP) inulin (DP>23) under certain conditions forms gel structures in solution (Kim, Faqih, & Wang, 2001) . Therefore HP inulin is used as a fat replacement in some kind of food products (Meyer et al., 2011) . It is known that dietary fibre retains more water than wheat flour, which in turn may affect the dough viscosity (Blanco Canalis, Steffolani, León, & Ribotta, 2016) . If dough viscosity increases, a decrease in the dough expansion during baking is expected, which produce a decrease of the maximum diameter and an increment of biscuit hardness. In a previous study, it was analysed the effects of the incorporation four dietary fibres with different characteristics on dough properties and biscuit quality. The fibres used were inulin, oat fibre and two resistant starches . In a subsequent investigation a particular emphasis was placed on the distribution and mobility of protons by Nuclear Magnetic Resonance (NMR) and the rheological properties of dough (Serial et al., 2016) . In these studies inulin showed an improving effect on the biscuit expansion, dimensions and hardness when an all-purpose flour was used. Due to the large differences in quality among flours used for biscuit production it is important to know whether these results are extended to different types of flours, this paper aimed to analyse the effect of IJFS April 2017 Volume 6 pages 13-23 inulin incorporation at two levels on the quality of dough and biscuits made with three different wheat flours and one triticale flour. Inulin levels were 6% (w/w) and 12% (w/w). These levels were chosen according to a previous investigation since they allow to fulfil ∼10% and ∼20% of the daily reference value per serving (two biscuits), respectively (FAO/WHO, 1998).
Materials and Methods

Samples
Wheat grains from hard wheat (Baguette 10, BAG), soft wheat (BIOINTA 3007, SWF) and triticale (Tatú, TRI) cultivars were obtained and ground with AQC 109-Laboratoy MillAgromatic AG (Switzerland). A commercial hard wheat flour (HWF) was also tested. Inulin (Orafti ® HP) was obtained from Orafiti Food Ingredients (Belgium), with a degree of polymerization greater than 23.
Chemical and physic-chemical analysis of flours
The composition and flour quality was determined through physico-chemical assays. Moisture (AACC, Method 44-01), ash (AACC, Method 08-01) and solvent retention capacity (SRC) (AACC, Method 56-11) were determined. Damaged starch was determined through enzymatic hydrolysis with fungal α-amylase and subsequent titration of reducing sugars (AACC, Method 76-11A). Protein content was determined by micro Kjeldahl method and the nitrogen conversion factor used was 5.7 (AACC, Method 46-13) (AACC, 2000) . The analysis were conducted in duplicate.
Biscuits preparation
To determine biscuit quality, biscuits were formulated with the four analysed flours. Biscuits were prepared according to Barrera, Perez, Ribotta, and Leon (2007) . The ingredients used per biscuit batch were flour (45 g), caster sugar (27 g), vegetable shortening (20.2 g), powdered skim milk (2.25 g), NaHCO 3 (0.50 g), NaCl (0.42 g), and 6 mL of water. Inulin was incorporated at two levels, 6 g and 12 g with 39 and 33 g (instead of 45 g) of flour respectively being used, corresponding to ∼6% and ∼12% w/w of the total of dry ingredients, respectively. The dough was manually sheeted to a 0.7 cm thickness and cut in circles of 4.5 cm of diameter and placed on an aluminium sheet. Six pieces were obtained from each batch. The biscuits were baked for 11 min at 180°C in a forced convection oven (Pauna, Argentina) equipped with a temperature controller. The six biscuit pieces were placed in the centre of the oven and baked. After baking, the biscuits were cooled down to room temperature prior to analysis (∼20°C). The baking tests and associated measurements were replicated three times for each sample.
Dough and biscuit evaluation
Dynamic diameter measurements. In order to monitor changes in biscuit dimensions during baking, videos were taken during baking using a digital camera (Sony DSC-W320, Japan) . Four biscuits were monitiored in each trial. A calibrated metal bar was used in each test as a dimension reference. Images were stored in AVI format. The AVI files obtained were analysed by ImageJ software (National Institutes Health, USA) to obtain biscuit diameter and spread rate at 30 s intervals after calibration of the image using the metal reference. Three parameters were determined from these profiles: maximum diameter of biscuit pieces reached during baking (MD), biscuit set time (ST) and spread rate (SR). Biscuit set time was defined as the time at which the biscuit reaches its maximum spread during baking and the spread rate is the linear slope of diameter increase during the first part of the baking process. Four biscuits at each cooking batch and three batches were measured to ensure reliable results. The values of MD, ST and spread rate are the average of the biscuits measured of each sample. Biscuit Factor. Six biscuits were produced in each batch and 4 biscuits (the most homogeneous IJFS April 2017 Volume 6 pages 13-23 ones) were selected to determine the biscuit factor. To quantify biscuit quality, the term biscuit factor (BF) was introduced as the ratio between the width and thickness of four biscuits taken at random (Leon et al., 1996) . Biscuits were tested in triplicate to ensure reliable results. Biscuit texture. The breaking strength was measured with the triple beam snap technique using Universal Testing machine (INSTRON 3342, USA) with a load cell of 500 N . The base gap of the two support beams was adjusted to 36 mm. Each biscuit was centred on the base and the travel distance of the blade was 35 mm, and test speed was set at 0.5 mm/s. The average value of four replicates from three independent biscuit production batches was performed. Hardness (H) required to produce the total break of the biscuit structure was also retained. Biscuit surface colour in terms of brightness (L*), redness (a*), and yellowness (b*) was measured using a spectrophotometer (Minolta CM-500 d series, Japan) for all the batch produced.
The whiteness values of biscuits were calculated for 4 biscuits per batch as described by Hsu et al (Hsu, Chen, Weng, & Tseng, 2003) 
Where: L*= brightness a*= redness colour b*= yellowness colour
Statistics analysis
The data obtained were statistically tested by variance analysis, while the means were compared using Fisher's LSD test at a significance level of 0.05. Correlation between variables was determined using Pearson's coefficient. These tests were carried out using INFOSTAT statistical software (Di Rienzo et al., 2011) .
Results and Discussion
Protein content is a parameter that is important to determine dough behaviour, since it positively correlates with the water absorption and the gluten development; both unwanted properties in this type of products, as they negatively affect the biscuit quality (Navickis, Anderson, Bagley, & Jasberg, 1982) . Results showed significant differences in protein content between samples with values ranging from 8.05% to 11.59% (Table 1 ).
The flour moisture has an important role in the biscuit manufacture, even more than the total dough moisture, in determining the surface cracking. Higher flour moisture results in an increase on water diffusion rate through the biscuit surface, during baking. Consequently higher moisture flours would produce biscuits with a reduced degree of cracking, which is an undesirable effect (Doescher & Hoseney, 1985) . Results did not show differences among the analysed samples (Table 1) . At room temperature damaged starch (DS) granules absorbs between 200% and 430% of its own weight in water, while native starch granules absorbs between 39% and 87%. The increase of the water absorption capacity of the flour usually results in doughs that are difficult to manipulate, have lower spreading action and longer baking times (Berton, Scher, Villieras, & Hardy, 2002; Pareyt & Delcour, 2008) . Damaged starch values showed significant differences among fours (Table  1) , ranging between 10.39 % (HWF) and 7.89 % (soft wheat flour, SWF). These results were expected since harder grains require greater compression force to break them, further damaging the starch granules (Hoseney, 1994) .
Color is an important factor in the determination of biscuit quality, since it has influence in the overall consumer acceptability. Ash content is one of the flour components that has great influence on biscuit color (Jeltema, Zabik, & Thiel, 1983; Ribotta, Leon, Aguirre, & Beltramo, 2002) . Ash content ranged from 0.77 % for HWF and 0.60 % for Baguette (Table 1) , indicating a greater bran contamination in the hard wheat flour. The solvent retention capacity (SRC) values among flours showed significant differences (p<0.05) ( Table 2 ). The higher value of SRC-L was found for HWF, while the lowest value was observed in triticale. SRC-L did not correlate with protein content, in agreement to Guttieri, Bowen, Gannon, O'Brien, and Souza (2001) and IJFS April 2017 Volume 6 pages 13-23
Inulin-enriched biscuit quality 17 , 1980) showed that triticale and bread wheat flours had significant and positive correlations between the SRC-C values and damaged starch content. In agreement with Guttieri et al. (2001) , the SRC-C values and DS allowed to characterized triticale as harder than soft wheat. Hard wheat flour showed the highest values of the four solvent of SRC, which is in agreement with the ash, moisture, damaged starch and total protein contents (Table 1 , 2). Flour is the principal raw material of biscuit, therefore its physicochemical characteristics define the ability to produce good quality biscuits. As was stated before, for biscuit manufacturing gluten development is undesirable, as it results in an elastic dough that shrinks at the final stage of the baking process. Water absorption is a critical parameter and is influenced by many flour components. A flour with great water absorption not only affects the dough manipulation, but also requires more baking time to eliminate the excess of water. During the first part of the baking process, fat melts and sucrose dissolved progressively, increasing the system mobility. These changes promote a linear increase in the biscuit diameter until it reaches a maximum and remains fixed (Abboud et al., 1985) . Previous works have shown the longer the biscuit spreading time the better the final product quality Miller, Hoseney, & Morris, 1997) . Figure 1 shows the changes in the dough piece diameter (cm t /cm 0 ) during baking (only control and 12% inulin samples were included in the figure to make it clearer, since 6% curves resulted intermediate between control and 12%). The baking profile showed a fast increase in diameter during the first minutes until a maximum.
Then it decreased showing a slight shrinking at the end of the baking time. Biscuit dough made from Baguette flour spread the most, reaching the largest maximum diameter in the oven, while HWF showed the least spread. SWF and HWF doughs showed a significant increase of the maximum diameter during baking when inulin was incorporated, reaching the highest value at 12% level which represented about 20% increase over SWF C (Table 3) . The slope of the linear part of the curve (spread rate, SR) showed significant differences among the flour samples and ranged between 0.23 min −1
(HWF) and 0.52 min−1 (SWF) for doughs without inulin addition. Higher values of SR are associated with longer spreading process and better biscuit quality (Stauffer, 1994) . The spread rate is related to the dough viscosity and, as was expected it is in concordance with SRC water values: the lowest the SRC-W, the faster dough expansion (Table 2 and 3) . SWF doughs presented the highest SR values, while HWF showed the lowest. In general a progressive increase of SR was noticed with inulin incorporation (only triticale samples showed no differences). Although SWF 12% showed the highest value, HWF presented the greatest increment, since 12% inulin incorporation increased SR about 43% over HWF control dough. Previous studies have demonstrated that the longer the dough spread in the oven and the IJFS April 2017 Volume 6 pages 13-23 higher set time, the better the biscuit quality . No statistical differences were found between the biscuit set time (ST) values among the control samples (without inulin) and similar behaviour was found as consequence of inulin incorporation. Only triticale 6% showed an increment of ST compared to triticale C (Table 3 , Fig. 1 ).
Inulin is a soluble fibre and its solubility increases with temperature. It seems that during baking inulin progressively dissolves resulting in a rise of the spread rate and maximum diameter, which improved biscuit quality . This effect is similar to that achieved by an increase of fat level, since fat melts during baking and contributes to the system mobility (Pareyt et al., 2009) . It is generally accepted that a good biscuit formulation produces tender final products with large diameter and with uniform surface-cracking pattern. Biscuits produced with Baguette flour had the highest BF values and no significant differences were found among SWF, HWF and triticale flour samples without fibre (Table 4) . Biscuit factor increased as consequence of IN incorporation at 6 and 12 % for all tested flours. The highest BF values were produced by Baguette flour and IN at 6% and 12%. However, the greatest increments of BF related to the control without IN were showed by soft wheat biscuits, since it increased ∼48% and ∼65 % with 6 and 12% inulin incorporation, respectively (Table 4 , Fig.  2 ). These results are consistent with the dough spread ratio and maximum diameter reached in the oven, considering that in the second part of the baking process the pieces undergo a shrinkage.
The surface colour of biscuits is, together with IJFS April 2017 Volume 6 pages 13-23 Values with common letter are not significantly different p> 0.05. Capital letters concern to differences between control samples. Values with common letter are not significantly different p> 0.05. Capital letters concern to differences between control samples.
IJFS April 2017 Volume 6 pages 13-23 texture and taste, a very important element for the initial acceptability by consumers. The whiteness value mathematically combines lightness, the red-green and yellow-blue into a single term and has been used to compare colour in this study. The higher the whiteness value the whiter the sample. Whiteness value ranged between 44.3 (SWF 12%) and 57.6 (HWF C), indicating that the caramelization process and Maillard reaction (which produce surface browning) during baking was less intense in biscuits made from HWF, resulting in paler products (Table 4 , Fig. 2 ). Whiteness value showed no significant changes as consequence of fibre addition when compared samples to each control. The biscuit average breaking force (hardness) showed differences between the samples. Triticale biscuits were the hardest while Baguette biscuits were the tenderest. Biscuit hardness values are usually related to piece dimensions, the thinner the biscuit the lower the force require to produce the total structure break (Table 4 ). It was expected that an increase in the ratio between the width and thickness together with the structure changes caused by the fibre addition contributed to a tenderer product. However, the results showed not clear trends in this parameter. Inulin incorporation to soft wheat flour and commercial hard wheat flour decreased hardness. Similar results were found in a previous study . When triticale flour was used, 6% of inulin incorporation reduced this parameter but 12% of inulin had a similar value to the triticale control biscuit. Regarding Baguette flour, an increase of breaking force was found at 12% of inulin, indicating that at a similar biscuit factor the increment of inulin increased the hardness of the biscuits (Table 4) . It is known that HP inulin is able to form gels in solution (Glibowski & Wasko, 2008) . It is suggested that the IN network increased the biscuit hardness. Therefore, the net result of the incorporation of inulin may be a balance of the change in the BF and the IN ability to form network structures (Table 4) .
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The final biscuit diameter and quality is controlled by the rate of expansion in the oven, which depends on the dough viscosity and the set time when biscuit stops spreading. The spread of the biscuit is caused by two factors, i.e. expansion of the dough by leavening and gravitational flow (Hoseney & Rogers, 1994) . As was expected, biscuit height increased linearly until reaching a maximum and then collapsed (results not shown), which is related to doughs with poor or no development of a three dimension gluten network.
In previous studies, it was suggested that the enhancing effect of inulin was related to the extra lubrication factor at lower baking times which in turn produced a highest viscous to elastic behaviour during heating. Besides, they suggested an extra increment of the volume of the sugarwater phase as a consequence of inulin incorporation in the dough aqueous phase since its high content of water soluble fraction (60.10 g soluble solids / 100 g fibre) Serial et al., 2016) . These results were in agreement with those reported by Peressini and Sensidoni (Peressini & Sensidoni, 2009) , who suggested that the particular conformation of inulin HP molecules allows formation of bond areas where a large amount of water is enclosed.
Conclusions
The present work revealed that inulin significantly changed the dough behaviour during baking and improved their spread ratio and biscuit final diameter regardless of the type of flour used. Consequently the ratio between the width and thickness of biscuits increased.
Inulin incorporation did not demonstrate a clear trend on biscuit hardness among the tested flours. It was suggested that the hardness of the biscuits was affected by the final dimensions of the biscuit and the ability of inulin to form network structures. This demonstrates that the inulin effect goes beyond the flour quality and depends on the substitution level. The results may be useful to help develop fiber-rich biscuits from different flours and their mixtures without negative effects on their quality.
